Objective The aim of this study was to evaluate the treat-
Introduction
Radiation therapy is the mainstay treatment for patients who have nonmetastatic nasopharyngeal carcinoma (NPC). As the results for radiation therapy alone for NPC patients with locoregionally advanced disease are suboptimal [1, 2] , patients of this subgroup are generally treated with combined chemoradiation therapy [3] . Local control, disease-free, and overall survival rates of 67-80, 58-72, and 67-80 % have been reported for stage IIB-IVB NPC treated with this combined strategy using concurrent chemotherapy and conventional radiation [4] [5] [6] [7] [8] [9] . However, the addition of chemotherapy to radiation therapy is potentially hazardous, and the adverse effects induced by concurrent chemotherapy are substantial.
Treatment-induced adverse effects may be of particular importance to patients with advanced age who are more likely to suffer from impaired general health status due to poorer tolerability to severe reactions as well as concurrent comorbidities. For this group of patients with locoregionally advanced NPC, definitive therapy may be limited to radiotherapy alone. Although outcome after radiation therapy alone for NPC has been repeatedly reported, the currently available relevant literature is limited for locoregionally advanced NPC patients older than 70 years of age.
The aim of this report is to document the outcome of a relatively large group of patients with advanced age with locoregionally advanced NPC, treated in a uniform fashion at the Cancer Hospital of Fujian Medical University, China, with conventional radiotherapy without any form of chemotherapy. Predictive factors for prognosis especially survival and treatment complications of this group of patients were also analyzed.
Methods

Patients' characteristics and evaluation
Between January 1995 and December 2008, 109 consecutive and nonselected patients of age with 70 or older were treated by conventional radiation therapy alone at our institution. All patients had pathologically confirmed poorly differentiated or undifferentiated carcinomas, which were originally staged according to the Chinese 1992 staging system [10] . Eighty-four patients were diagnosed with locoregionally advanced disease (i.e., stage III-IVA) and were considered not suitable to receive any types of chemotherapy by their attending radiation oncologists due to substantial comorbidities or declined chemotherapy.
Pretreatment evaluation consisted of a complete history and physical examination, direct nasopharyngeal endoscopy, biopsy of the nasopharynx, complete blood count, liver function tests, chest X-ray, CT scan of the head and neck, ultrasound of the liver, total-body bone scan, and dental evaluation. A total of 73 patients were included in this analysis, and 11 patients were excluded for the following reasons: one patient were noticed to have liver metastasis when he had just finished his treatment, two patients were lost to follow-up after the completion of radiation therapy (RT), and the remaining eight patients received radiation treatment deviated from our institutional protocol (e.g., used preauricular field alone for the boost).
Significant comorbidities were observed in 28 of the 73 patients (38.36 %). Comorbidities observed including gastric cancer, rectal cancer, hypopharyngeal cancer, hypertension, diabetes, cerebrovascular disease, coronary disease, thyroid diseases, fatty liver syndrome, bronchiectasis, bronchitis, and emphysema. Patients' characteristics are listed in Table 1 .
Radiation therapy
All patients were treated with definitive radiation alone without any form of chemotherapy according to our institutional protocol for elderly NPC patients. Patients were simulated using conventional simulation and treated supine with a customized head shell. Phase 1 of RT consisted of two large parallel-opposed lateral facio-cervical fields to 36-40 Gy. These fields were then reduced to off-cord with posterior electron matching fields to a total of 50 Gy. The nasopharynx would receive a total of 70-72 Gy after an anterior and two lateral fields boost. Initial dose and treatment techniques for the neck in both groups of patients with or without neck adenopathy were identical: node-negative patients would receive 50 Gy to the neck and node-positive patients would receive an additional boost to a total dose of 66-70 Gy to involved region(s). Radiation was delivered at 2-Gy daily fractions, five times a week.
Follow-up
The first clinical assessment of local disease using nasoendoscopy was typically at the end of radiation therapy. All patients were followed up clinically by an otolaryngologist and/or radiation oncologist every 2 months in the first year after completion of radiation, every 3 months in the second year, every 4 months in the third year, every 6 months in the fourth and fifth years, and annually thereafter. Diagnosis of local and regional recurrence was made histologically. Distant metastases were diagnosed either by pathological or radiological evidence. Treatment-related toxicities were accessed and scored according to the RTOG radiation morbidity scoring criteria at each follow-up [11] .
Data analysis
Data were analyzed using SPSS version 16.0 (SPSS Inc., Chicago, USA). Overall survival (OS), tumor-specific survival (TSS), disease-free survival (DFS), local control (LC), regional relapse-free survival (RRFS), and distant-metastasis free survival (DMFS) rates were calculated by the KaplanMeier method. The duration of OS was measured from diagnosis until death or date of the last follow-up visit for patients still alive. TSS interval was calculated from the date of diagnosis to time of death caused by tumor progression or treatment complications. Log-rank test was used to detect differences in survival between different groups. Multivariate analysis using the Cox proportional hazard model was performed for survival to identify independent predictors among various potential prognostic factors, including gender, T classification, N classification, clinical stage, radiation interrupted or not, residual disease in the primary site or neck, and comorbidities. A two-sided P value of <0.05 was considered to be statistically significant.
Results
The median follow-up for all 73 patients at the time of this analysis was 45 months (range, 5-152 months).
Treatment response and compliance
Most of the patients could complete RT without a treatment break, and only 13 (17.81 %) patients required a break of more than 1 week mainly because of severe acute toxicities (such as mucositis and dermatitis). At the completion of RT, 18 patients (24.66 %) had residual diseases in the primary site, 22 (30.14 %) had residual diseases in the neck, and 5 (6.85 %) had residual disease in both the primary site and the neck nodal regions.
Survival
At the time of this analysis, 47 patients were deceased: 26 patients died from the effects of tumor progression, 3 patients died of severe late complications, and 16 patients died of other disease including gastric cancer, cardiac failure, cerebrovascular disease, and pulmonary infection. The causes of death of two additional cases were unknown. OS, TSS, and DFS of the whole cohort are presented in Figs. 1, 2, and 3. The estimated 4-year OS, TSS, and DFS were 51.0, 64.5, and 54.7 %, respectively. Univariate analysis revealed that N classification, clinical stage, and comorbidities were potential prognostic factors for OS. However, only clinical stage and comorbidities were the significant independent factors for OS in multivariate analysis (P00.006 for clinical stage and P00.018 for comorbidity, Table 2 , Fig. 1a, b) . In addition, both N classification and comorbidities were identified as the significant predicting factors for DFS (P00.023 for N classification and P00.032 for comorbidity, Table 2 ). N category was found to be the only independent prognostic factor for TSS in both univariate and multivariate analysis (P00.002, Table 2) Local and regional control For the 18 patients who had residual disease at the end of treatment, CT/magnetic resonance imaging (MRI) scans revealed that the viable appearing disease was all within the radiation field. Five of these patients received a radiation boost to a total dose of 76-78 Gy at the primary site and were free of disease at the primary tumor by the last followup or death; for those who did not accept a boost, five patients developed local recurrence at a median time of 27 months (range, 15-56 months). At the time of censorship, a total of ten patients (including five patients who have residual disease at the end of treatment) presented with local recurrence (median, 23.5; range, 10-52 months). The estimated local control rate at 4 years is 83.7 % for all 73 patients (Fig. 4) . N classification and residual disease in primary site were noted to be the potential predictors for LC using log-rank test; however, only the later factor was identified to be significant in the Cox model (P00.026, Table 2 ).
For the 22 patients (30.14 %) who had neck node residual disease at the end of radiation, eight of them received a radiation boost at the lymph node to a total dose of 72-85 Gy(median, 76 Gy), all maintained to be disease free at the site of lymph node till the last follow-up except for one patient. Seven patients experienced neck node dissection and were free of disease at the last visit; another seven patients were also offered, but refused, attempted salvage neck dissection or radiation boost and then manifested regional failure or distant metastases several months after the diagnosis of nodal relapse. Regional recurrence occurred in 11 patients; the estimated regional control rate at 4 years is 80.6 % (Fig. 5) . Prognostic analysis indicated that T classification, N classification, and residual disease in the neck were the potential prognostic factors found in univariate analysis; however, none of them were significant in predicting regional control after multivariate analysis (P0 0.816 for T classification, 0.465 for N classification, and 0.057 for residual disease in the neck, Table 2 ).
Distant metastasis
Twenty-five patients developed distant metastasis (DM), with a median time to distant metastasis at 18 months 3-66) . Most of the patients (76 %) developed DM within 2 years after definite radiotherapy. The most common sites of DM were bone, lung, liver, and brain, either single or multiple metastases, with the 4-year DMFS rate of 63.5 % (Fig. 6 ). Prognostic analysis revealed that only N category was the significant predictor for DM (P00.004).
Acute and late adverse effects
Patients typically experienced the common acute and late toxicity of EBRT, including xerostomia, skin reaction, oral and pharyngeal mucositis, hearing deficit, olfactory change, and/or decreased taste, etc. Most of the patients tolerated the treatment well, but 13 patients suspended their treatment for Fig. 3 Disease-free survival of the whole cohort Fig. 2 Tumor-specific survival of the whole cohort more than 7 days mainly because of grade 2 or higher acute toxicities, either oral mucositis skin reaction or oral and pharyngeal mucositis. Xerostomia and hearing impairment were the two most common side effects. Soft-tissue complications such as trismus and neck fibrosis and CNS complications (cranial nerve palsy and temporal lobe necrosis) were considered major complications and detailed in Table 3 .
Discussion
NPC is the most commonly diagnosed head and neck cancer in Southern China, and a substantial portion of patients were diagnosed in their advanced age (i.e., ≥70 years old). Although concurrent chemoradiation therapy is considered as the standard treatment strategy for patients with locoregionally advanced NPC, patients with advanced age, particularly those with concurrent impaired health condition, are not suitable to this aggressive regimen. In this study, we reviewed a group of patients over 70 years old diagnosed with stage III-IVA undifferentiated or poor differentiated NPC who were treated with definitive radiation therapy alone using conventional technique. Our results demonstrated that the 4-year OS, TSS, DFS, LC, RRFS, and DMFS were 51.0, 64.5, 54.7, 83.7, 80.6, and 63.5 %, respectively. Radiation therapy was well tolerated in this group of patients. Multivariate analyses for prognostic indicators revealed that clinical stage and comorbidities were the significant prognostic factors for OS. For DFS, both N classification and comorbidities were found to be significant, and N category was identified as the independent prognostic factor for both TSS and DMFS, residual disease in primary site was found to be the independent predicting factor for LC (Table 2 ).
An increasing incidence of NPC was observed in elderly patients in China [12, 13] . Moreover, a second peak of NPC risk by ages 65-79 years had also been discovered emerging across the low-risk populations [14] . Our experience and results presented are of particular importance that we represent the first report to address the treatment outcome for aged patients (i.e., ≥70 years old) with locoregionally advanced stage who underwent radiation therapy alone; it may be a reasonable choice for this subgroup of patients who often present with concurrent morbidities, thus impaired health condition, and who are not suitable to receive aggressive regimen (i.e., combined chemoradiation therapy). Radiation therapy alone may induce relatively lower incidence of complication while providing an acceptable good treatment results.
Numerous published papers have reported the treatment outcome of radiation therapy alone on locoregionally advanced NPC patients. Most of them demonstrated a 5-year OS of over 50 % for poorly or undifferentiated diseases. The experience from Ma et al. [15] revealed that their 5-year OS and relapse-free survival for stage III and stage IV patients were 53 vs. 37 and 51 vs. 36 %, respectively. Chan et al. [6, 9] from Hong Kong reported their 5-year OS and PFS of 58.6 and 52.1 %, respectively. Another set of data from Hong Kong reported by Chua et al. [16] suggested a 5-year OS of 58.1 % and 5-year TSS, LRRFS, and DMFS rates of 58.1, 59.5, and 70 %, respectively. This is a pool data analysis that included one of their previous study [17] and that reported by Ma et al. [18] . Similar results were reported by Lin et al. [5] from Taiwan. With a relatively short follow-up time, Wee et al. [19] from Singapore demonstrated that the 3-year OS and DFS were 65 and 63 %, respectively. Ten-year results have been reported by Johansen et al. [20] in Denmark and Yi et al. [2] in China; data from Denmark revealed that their OS of this subgroup was 49 and 27 % for stage III and stage VI, respectively, and that from China demonstrated their 5-and 10-year OS, DFS, and LC of 71.3 and 66.5, 52.2 and 52.1, 81.2 and 76.7 %, respectively.
The OS rate of the current study was understandably less optimal than those mentioned above, although we had a lower proportion of stage IV (45.21 %), when compared to other studies, such as those of Yi et al. [2] (62.07 %), Lin et al. [5] (84.62 %), Johansen et al. [20] (68.46 %), and Wee et al. [19] (52 %). This suggested that survival outcome of elderly patients (i.e., ≥70 years old) with locoregionally advanced stage was inferior to those with relatively young age, further confirming that age is a negative prognostic factor for NPC patients. Our experience previously published has confirmed the significance of age as an adverse prognostic factor [21] . This subgroup is more often associated with a variety of declining physiological functions, multiple comorbidities, and reduced organ reserve on account of advanced aging, which might lead to a detrimental effect on ability to withstand radiation toxicities and worse outcome. For the 47 patients who died, almost 1/3 of them were contributed to comorbidities instead of NPC, and 46 (63.01 %) patients in our study had comorbidities. As shown in the prognostic analysis, comorbidities are a significant predicting factor for OS and DFS. However, it is not a significant prognosticator for TSS. Notably, varied staging systems used in these trials may play a role in the discrepancy of the results; the Chinese 1992 staging system was used in our series and that of Yi et al. [2] , and the Johansen study [20] used the 1982 UICC system, whereas all other studies mentioned above used the 1997 AJCC system [5, 9, 16, 19] . However, if this system was used to reclassify our patients, some of them would be downstaged and excluded from our series; the survival results may be worse.
It is important to mention and compare our data with the results of the pivotal study of the Intergroup 0099 reported by Al-Saraff et al., which randomly compared concurrent chemoradiation with radiation alone using a conventional technique [4, 8] . The reported survival outcome was substantially lower than that reported in our series and other series from endemic areas mentioned above. The 3-year OS, DFS, LRRFS, and DMFS reported were 47, 24, 59, and 65 %, respectively. In 2001, the final update of the Intergroup 0099 trial showed a 5-year OS and DFS of 37 and 29 %, respectively. One explanation was that more than a quarter of the patients in the Intergroup trial had the keratinizing type (WHO type I) of NPC, whereas more than 90 % of patients in endemic areas have the nonkeratinizing type (mainly WHO type III). It has been demonstrated that the prognosis for the former is significantly poorer than that for the latter [22] [23] [24] . Another possible reason may be that the Intergroup trial had a higher proportion (>90 %) of patients with nonmetastatic stage IV disease (1992 AJCC staging system), when compared to a lower proportion of 45.21 % in our series. Moreover, the different staging systems could further explain, at least in part, the discrepancy of the results.
Both the 4-year LC and RRFS of the present study were indicated to be over 80 %, suggesting that a reasonable disease control could be achieved in this subgroup of patients. For the patients who had residual disease, either at the primary site or neck, all but one of the patients who received salvage treatment were free of disease at the time of censorship. And residual disease in primary site was found to be the significant independent factor governing LC. Although residual disease in the neck was not identified as the significant predicting factor in the Cox model, univariate analysis showed that patients with residual disease in the neck had much lower regional control (89.6 vs. 59.2 %, P00.005). Our results suggested that a boost dose for a pathologically positive residual lesion in the nasopharynx is necessary, as has proven by other studies [2, 25] . In addition, selective neck dissection also has been demonstrated to be important to the patients who have persistent cervical lymph node at the end of treatment, as they may have a longer survival time and better prognosis [26] . Radiation boost for the patients with residual disease in the neck is also an effective method, as regional recurrence occurred in only one of the eight patients who received a radiation boost in our cohort at the time of censorship. However, salvage treatment by radiation boost may be associated with treatment-related morbidity, secondary to radiation-induced injury, and the tolerance of elderly patients has been a major clinical issue. Various modern external beam radiation techniques, such as stereotactic radiosurgery [27, 28] , and intensity-modulated radiation therapy (IMRT) [29] have been utilized to achieve dose escalation with some success. We believe that, with the help of these modern radiotherapy techniques, escalation of the dose may be easily achieved without increasing treatment-related late complication of elderly patients. Several limitations and pitfalls of our studies should be addressed. First, most of the patients were staged primarily by CT scans, which have shown lower accuracy as compared with MRI. This may pose some uncertainties in the staging of our patients and, thus, may have an impact on the results. In addition, due to the limitation of the Chinese 1992 staging system [30] , the prognostic significance of clinical stage, T, and N category may need to be further demonstrated. Moreover, some of the late toxicities for elderly patients in this study may have been underestimated, because many of them might have died before the long-term toxicities could develop. For example, the median period of cranial nerve palsy approached 8 years, as reported by Kong et al. [31] .
Conclusion
Radiation therapy alone can achieve a reasonable local and regional control in elderly patients and is a reasonable choice for this subgroup of patients. Distant metastasis remained to be the dominant failure pattern of our series. Whether modern radiation techniques such as IMRT alone or the combination of targeted therapy with radiation therapy could bring a survival and adverse effect benefit for the elder NPC patients requires further investigation.
